Abstract This study was to investigate the effect of subcutaneous injection of the adipose stem cells (ASCs) with conditioned media (CM) in the treatment of acne vulgaris scar. We used Adult male New Zealand white rabbit ears as an animal model and induced acne formation by Kignman method. Adipose tissue was isolated and harvested from the scapula of rabbits, and ASCs were cultured and expanded until passage 1. There have four groups in our experiment, include phosphate buffered saline (PBS), ASCs with PBS (ASC ? PBS), CM, and ASCs with CM (ASC ? CM) group. This solution of 0.6 ml injected to subcutaneous in each group. ASC ? PBS and ASC ? CM groups were containing ASCs of 5.0 9 10 6 cells/ml. We analyzed the treatment of 4 groups to scar tissue after 2 and 4 weeks by hematoxylin and eosin stain, immunohistochemistry, and RNA expression level of tumor necrosis factor-a (TNF-a), interleukin-1a (IL-1a), and matrix metalloproteinase-2 (MMP-2). Also, the expression of keratin 16 (K16) was detected by western blot analysis. H&E stain showed that infiltration of inflammation cells was significantly reduced at 2 and 4 weeks, as well as re-epithelialization was improved in the ASC ? CM group. The ASC ? CM gourp was reduced both expression levels of TNF-a, IL1a, and MMP-2 and K16 protein level. In conclusion, the ASCs with CM has a significant curative effect on acne vulgaris scar, more to the point, the CM has a key role on treatment. It could be applied to a therapeutic approach to regenerate to treat acne vulgaris scar.
Introduction
Acne scars are divided into atrophic, hyperplastic and keloidal acne scars. Atrophic scars is a common complication of acne vulgaris, are further subdivided into icepick atrophic, boxcar atrophic and rolling atrophic acne scars [1] . Recently, about 20% of the adolescents around the world are affected by moderate-to-severe acne scars [2] , and the probability that this phenomenon continues to occur until the age of 20 years or even 30 years is 64 and 43%, respectively [3] . Specifically, the proportion of Asians in the world who suffer from acne scars is very high due to the fact that their skin is thicker than the Caucasian [4, 5] . In the production of higher quantities of melanin [4, 6] increased number of sebaceous glands, so its led to more sebum secretion. Also, acne scars usually induce a negative psychological impact and social stress on the patient during early scar formation [7] .
Kim et al. [8] were the first to report that adipose stem cells (ASCs) were induced wounds healing, scar repair, and fibroblasts activation. In recent years, studies have shown that ASCs exhibit significant therapeutic effect on chronic lesions compared to bone marrow mesenchymal stromal cells (BM-MSCs). There is no significant difference between ACSs and BM-MSCs with respect to surface markers (CD29, CD44, CD90, and CD105), cytokines, and gene expression [9] . However, cell therapy using ASCs is preferred because these cells are easy to isolate and have high relative abundance than BM-MSCs [9] . Moreover, studies suggest that transplanted ASCs accelerate wound healing by expanding the fibroblasts phenotype and increasing the supply of macrophages to the wound, enhancing granulation tissue formation [10] [11] [12] . Further studies showed that ASCs promote the growth of dermal fibroblasts through not only intercellular cell-to-cell contact, but also by paracrine activation of marginal cells [13] [14] [15] [16] . The ASCs with conditioned media (CM) can stimulate the synthesis of dermal collagen and promote the migration of fibroblasts into the dermis, which are reported to help wrinkle improvement, facial defect filling, and wound healing compared with only ASCs [8] . Few experiments studied show the effects of using the ASCs with CM as an additional treatment when fractional carbon dioxide laser resurfacing (FxCR), so it was shown to cause a significant reduction in erythema and pigmentation [17, 18] . For the treatment of acne scars is also limited to laser therapy and drug therapy. The cell injection therapy has many virtues that wound area is almost zero and it also can effectively prevent further complications, such as erythema and pigmentation caused by laser stimulation. Additionally, it has a direct, short cure time, and also an effective treatment for acne scars compared with a longer course of drug therapy. Thus, we confirmed whether or not ASCs with CM was beneficial effects for wound healing in acne vulgaris scars.
Materials and methods

Preparation of animal model
We used the Kignman method [19] to induce acne formation. Rabbits within the ear of the inner ear tube opening 3 cm 9 6 cm 2 range, smear a thick oleic acid solution of 0.25-0.5 ml once a day for 2 weeks.
Extract and culture of adipose stem cells
ASCs were extracted from male adult New Zealand white rabbits of scapular region adipose tissue, resected, isolated, and collected in sterile preheated phosphate-buffered saline (PBS; WisentInc., St. Bruno, Quebec, Canada). Finely minced with aseptic scissors, and digested with 0.1% collagenase type I (Sigma, St. Louis, MO) for 30 min at 37°C in a cellti-bator (MediKahn, Seoul, Korea). The digested sample was washed twice in Dulbecco's modified Eagle's medium (DMEM; Gibco, Carlsbad, CA) solution containing 10% fetal bovine serum (FBS; Wisent Inc.) and 1% antibiotic/antimycotic (Gibco), it was then centrifuged three times, at 1300 rpm, for 3 min. The stromal vascular fraction was sifted through a 100-mm strainer (BD Biosciences, San Jose, CA) and was then centrifuged at 1300 rpm for 3 min. The pellets were then resuspended in cell medium; the cells were counted and transferred to a 150 mM dish, placed in 5% CO 2 , incubated at 37°C for 24 h, washed and removed the non-adherent cells and replaced the culture medium. Subcultures were initiated when the initial cell cultures reached 80-90% confluence. ASCs was sub-cultured to passage 1.
Subcutaneous injection therapy
Animals in the test were submitted to the same protocol, after established and characterized the formation of the acne scar. All eight male adults New Zealand white rabbit ears were divided into 3 9 6 cm 2 analysis region, and then it was sub-divided into six equal-area treatment regions (1.5 9 2 cm 2 ). Experimental group see Table 1 according as ASC ? CM, ASC ? PBS, CM, and PBS groups that each group is including ASCs of 5.0 9 10 6 cells/ml with CM, ASCs of 5.0 9 10 6 cells/ml with PBS, only CM, and only PBS. They were treated on the animal model ears of acne scar. After completed modeling, first injected with each treatment group with 0.6 ml. Then, second injection were administered after 2 weeks (Fig. 1) . Intramuscular injection of general anesthesia before treatment, zoletile (Virbac korea, Korea, 50 mg/ml, 0.3 ml/kg) ? xylazine (Bayer korea, Korea, 23.32 mg/ml, 0.2 ml/kg). Pain management was performed on days 3-7, Daily subcutaneous injections of analgesics ketoprophen (100 mg, 0.06 ml/kg) and antibiotic gentamicine (40 mg/ml, 0.1 ml/kg).
Histological analysis
Binaural of animals was removed the full-thickness skin on the 2 and 4 weeks. And, it was fixed with a 10% (v/v) 
Immunohistochemistry (IHC) staining
Tissue sections were immunostained using COL1A1 (dilution 1:100, Novus Biologicals, USA), COL3A1 (dilution 1:100, Novus Biologicals, USA), anti-MMP-1 mouse monoclonal antibody (dilution 10 lg/ml, EMD Millipore, USA). Tissue sections were deparaffinized in xylene, rehydrated through serial dilutions of alcohol, and washed in phosphate-buffered saline. Endogenous peroxidase activity was blocked by incubation with 3% hydrogen peroxide for 10 min at 37°C. Antigen retrieval was performed in a double boiler at microwave 700 W for 30 min and slowly cooling at 37°C for 15 min. Tissues were subsequently incubated with Collagen I alpha 1 antibody, Collagen III alpha 1 antibody and anti-MMP-1 mouse monoclonal antibody at 37°C in a moist chamber for 12 h. Rabbit IgG antibody (Golden Bridge International Inc, California, USA) was used as a negative control. A Polink-2 DAB kit (Golden Bridge International Inc, California, USA) was used to detect and visualize the bound primary antibodies.
Real time-quantitative PCR analysis
Total RNA was extracted from the harvested skin tissue using Trizol reagent (Ambion, USA) and genomic DNA was removed using the real-time PCR amplification Kit (Biofact, Seoul, Korea). Synthetic cDNA was obtained by reverse transcription of the RNA, and the expression levels of TNF-a, IL-1a, MMP-2 and GAPDH were detected with SYBR green I master reagent (Roche Diagnostics, Mannheim, Germany) by Light Cycler 480 equipment (Roche, Basel, switzerland). 4Ct was obtained by measuring the level of GAPDH and the level of gene expression in each group was calculated according to what is described elsewhere [20] and compared with control group. Quantitative analysis was performed using Light Cycler 480 software (Roche, Basel, switzerland). The primers used for the detection of each gene are listed in Table 2 .
Western blot analysis
Tissue were homogenized to obtain the protein by mechanical (crushing) processes with the further addition of 400-500 ll of T-PER tissue protein extraction reagent (Thermo, IL61101, USA) in an Eppendorf-tube. A proteinase inhibitor cocktail (4-5 ll from a 100:1 stock, SIGMA, USA) was added to avoid protein degradation and the solution was centrifuged for 15 min at 13,000 rpm at Fig. 1 Experimental design outline. A Oleic acid was smeared on the rabbit ears within 6 9 3 cm 2 for 2 weeks to develop acne formation. B First treatment was executed after acne scar formation, and secondary treatment was executed after 2 weeks. Skin biopsy were performed after the rabbits were sacrificed by euthanasia, and the scar area was harvested after 2 and 4 weeks. C A subcutaneous injection of 0.1 ml/1.5 9 2 cm 2 of either PBS, ASC ? PBS, ASC ? CM, or CM were given to each corresponding group, ASC ? PBS and ASC ? CM groups were containing ASCs of 5.0 9 10 6 cells/ml 4°C. The supernatant was collected. The 4 ll of protein solution and 200 ll of quick Start TM Broadford protein assay kit (Bio-Rad, Hercules, CA, USA) solution were added into each well of a 96-well plate for total protein quantification. And, protein concentration was further determined using a softMaxPro software (MDS Analytical Technologies, USA). Protein lysates were added to a SDS sample buffer (ELPIS BIOTECH, Korea) and were further separated by electrophoresis in a 12% sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE), which it was then transferred onto a nitrocellulose blotting membrane (Amersham, Buckinghamshire, UK). Nitrocellulose membrane was revealed after incubation with blocking solution (5% skim milk in Tris-Buffered Saline with 0.1% TWEEN-20 (TBS-T) for 1 h at room temperature (RT), then 3 times washing with TBS-T. Then, the membrane was incubated with primary antibodies of keratin 16 (1:500, Aviva systems biology, California, USA) and b-actin (1:1000, SIGMA, USA) overnight at 4°C. The membrane was incubated with secondary antibody goat anti-rabbit-HRP (1:5000, Santa cruz biotechnology, Dallas, USA) for keratin 16, or goat anti-mouse-HRP (1:5000, IgG-HRP, Santa cruz biotechnology, Dallas, USA) to b-actin detection respectively for 2 h, after washing 3 times with TBS-T. Immune complexes were analyzed with the addition of the HRP substrate enhanced chemiluminescence (ECL) detection kit (GE Healthcare Life Sciences, Buckinghamshire, UK), after 3 times washing with TBS-T. And then it was observed using a LAS 4000 (Fujifilm, Tokyo, Japan) and were quantified using the Multi Gauge software (Fujifilm).
Statistical analysis
Statistical analysis was performed using GraphPad Prism 5.0 software (GraphPad software Inc., La Jolla, CA, USA). Results are shown as mean ± standard deviation. Statistical significance was determined using one-way analysis of variance (ANOVA) with a significance level of p value.
Results
Acne scar formation and histological observation
Visual observation revealed that the normal rabbit ear was smooth and pale pink in color, and showed good light transmission, with even capillary distribution (Fig. 2) . Also neatly arranged catheter hair follicles, and no acne ( Fig. 2A) . The pores began to enlarge, the skin began to keratinize after 3 days (Fig. 2C) . And with time, the keratinization aggravated, with gradual uplifting of hair follicles. All parts of the hair follicle were uplifted and visible white broken rice juice and black bolt on surface. The number of nodes increased significantly. These show that acne scar modeling was completed (Fig. 2H) . Significant hyperkeratosis, thickening of the granular layer, stratum spinosum hypertrophy, and hair follicle expansion has been observed in acne scar formation by hematoxylin and eosin (H&E) stain compared with normal control (Fig. 3) . Parts of the adjacent hair follicles were integrated with each other, and the hair follicles and funnel were filled with uniform red dye keratosis that extended to the sebaceous glands. Besides, the hair follicle funnel was filled with keratinized material and enlarged pot-shaped. The dermal capillaries were significantly expanded. And, the hair follicles surrounded a large number of inflammatory cells (Fig. 3B) . The measurements of the thickness of epidermis and stratum corneum showed that the thickness of epidermis and stratum corneum significantly thicking in acne scar modeling than normal control.
Visual observation after treatment
After first subcutaneous injection, the horn substitutes and secretions of the sebaceous glands were significantly reduced in the 2 weeks ASC ? CM group compared with 2 weeks PBS and ASC ? PBS groups (Fig. 4) . However, some untreated acnes were still visible in the 2 weeks ASC ? CM group. After second injection, visual observation revealed that acne scar in the 4 weeks ASC ? CM group were almost cured and hair follicles were narrowed to normal (Fig. 4H) . 
Histological observation of the effect of treatment
Histological stain showed that the stratum spinosum layers was reduced from the previous hypertrophy to normal 2-3 layers and the number of inflammatory cells was significantly reduced (Fig. 5) . Also, Measurements of the thickness of epidermis and stratum corneum showed that significant epidermal thinning in the 2 weeks ASC ? CM group comparison to acne scar, PBS, ASC ? PBS, and CM group (Fig. 6A, B) . However the capillaries were still expanded significantly. The number of stratum spinosum layers was restored to the normal 2-3 layers, and the number of inflammatory cells was significantly reduced in the 4 weeks ASC ? CM group. The degree of expansion of the hair follicles was significantly reduced, and the part returned to normal. In addition, the telangiectasia returned to normal (Fig. 5) . Measurements of the thickness of epidermis and stratum corneum showed that significant epidermal thinning in the 4 weeks ASC ? CM group comparison to acne scar, PBS, ASC ? PBS, and CM group (Fig. 6C) . Also, it was similar to normal control group (Fig. 6D) . However, loose keratinized substances, inflammatory cell infiltration, and telangiectasia were still visible in the 2 weeks (Fig. 5) . We also found out the thickness of epidermis was significantly increased in PBS and ASC ? PBS of 2 weeks group comparison to 4 weeks group. However, it is surprising that the thickness of epidermis was significant thining in CM and ASC ? CM of 4 weeks group comparison to 2 weeks group (Fig. 7A) . In addition, the thickness of stratum corneum was significantly increased in PBS, CM and ASC ? PBS of 2 weeks group comparison to 4 weeks group, except ASC ? CM group (Fig. 7B) .
Immunohistochemical staining of COL1A1, COL3A1, MMP-1
IHC staining of the COL1A1, COL3A1, MMP-1 in normal tissue, acne scar, 2 weeks group and 4 weeks group was performed. This analysis indicated that very strong IHC staining of COL1A1 was observed in acne scar and ASC ? PBS of 2 weeks and 4 weeks group, while was not sigificantly detected in normal tissue, PBS and ASC ? CM. We also found the epithelial immunoexpression of MMP-1 and COL3A1 were significantly higher in ASCs-contained groups (ASC ? PBS and ASC ? CM). And IHC staining of MMP-1 was significantly higher in ASC ? CM compared with ASC ? PBS in 2 weeks group, but was not detected in PBS group. However, the weaker staining of COL3A1 were observed in ASC ? CM of 4 weeks group and similar to normal tissue (Figs. 8, 9 , 10). There are very strong IHC staining of COL1A1 and MMP-1 was observed in acne scar (Fig. 8) .
Expression of TNF-a, IL-1a, and MMP-2 genes by real-time PCR
TNF-a gene expression was significantly decreased in the 2 weeks ASC ? CM group compared with the PBS and ASC ? PBS groups (*p \ 0.01). IL-1a gene expression in the 2 weeks ASC ? CM group was significantly decreased compared with the PBS group. But, slightly increased compared with the ASC ? PBS group (*p \ 0.01). MMP-2 gene expression was significantly decreased in the 2 weeks ASC ? CM group compared with the acne scar, PBS, and ASC ? PBS groups (**p \ 0.001). The gene expression profiles in the 4 weeks group were similar to those in the 2 weeks group, except for IL-1a, which slightly decreased in ASC ? CM group compared with the ASC ? PBS group (*p \ 0.01; Fig. 11 ). 
Expression of keratin 16 by western blotting
The keratin 16 protein levels were markedly increased in the acne scar group than in the 2 weeks PBS and ASC ? CM groups (**p \ 0.001). The keratin 16 levels were significantly decreased in the ASC ? CM group compared to those in the 2 weeks acne scar and PBS groups (**p \ 0.001). The keratin 16 levels were decreased in the ASC ? CM group compared to those in the 4 weeks acne scar, PBS, and ASC ? PBS groups (**p \ 0.001; Fig. 12 ).
Discussion
Acne is an inflammatory disease of the pilosebaceous duct. It can be caused by abnormal keratinocyte proliferation and desquamation that leads to ductal obstruction, androgen driven increase in sebum production, proliferation of Propionibacterium acnes, and inflammation [11, 21, 22] . The treatment of acne has always been one of the hot topics in dermatology, but many experiments are difficult to be done directly on the human. So, there is an urgent need to establish an animal model of acne. Rabbit model is one of the most commonly acne models which was first used in 1941 and developed in 1989 by the American Dermatology Society. It is one of the more well-studied models of acne [23] [24] [25] . In our study, the rabbit ear acne model was successfully established by using the Kligman method. The pathogenesis of acne is so complicated, but the treatment is still limited to drug therapy and laser therapy. Also, the effect is unsatisfactory. Although some of the drugs on the current market have a good therapeutic effect, but there is still has a big problem. Such as isotretinoin lead to skin desquamation seriously and severe liver toxicity, eye toxicity and teratogenicity. Antibiotic drug resistance [26, 27] . Anti-androgen drugs can lead to hormone levels disorders, also can lead to infertility. Fractional carbon dioxide laser resurfacing(FxCR)is the gold standard for the treatment of atrophic acne scars. However, FxCR is still reported to have a variety of complications, such as postinflammatory hyperpigmentation, prolonged erythema, skin swelling, infection, and scarring [28] [29] [30] [31] . Kim et al. [8] who first confirmed that ASCs were able to heal wounds quickly, repair scarring and activate skin fibroblasts. Also, this study found that ASCs significantly reduced the wound size and accelerated the re-epithelialization from the edge in animal model by secrete several collagens, fibronectin and growth factors. In some studys showed that the expression of MMP-1 in the proliferating keratinocytes may help re-epithelialization [32] . In our study, we found that the epithelial immunoexpression of MMP-1 in epidermal layer was significantly higher in groups were containing ASCs (ASC ? PBS and ASC ? CM). We suggested that ASCs significantly accelerated the re-epithelialization. And another studies showed that ASCs promote the growth of dermal fibroblasts by not only through intercellular cell-to-cell contact, but also by paracrine activation of marginal cells [13, 14] . Recently, ASCs were found to accelerate wound healing in human cutaneous wounds [33] [34] [35] . Some study have also reported that ASCs is able to produce and secrete a variety of growth factors such as basic fibroblast growth factor (bFGF), keratinocyte growth factor (KGF), transforming growth factor-b1 (TGF-1b), hepatocyte growth factor (H-GF), vascular endothelial growth factor (VEGF) and so on [8, 36] . These factors were secreted in conditioned media when ASCs were cultured, so conditioned media (CM) also has a definite influence on wound healing [37] . This study have also found that ASCs with CM can stimulates the synthesis of dermal collagen and migration of the fibroblasts into to the dermis [37] . As an alternative therapeutic strategy for acne scar, we studied the effect of ASCs with CM in acne scar animal model. In our study, pigmentation and erythema had significant decreased in the 4 weeks ASC ? CM group. This decrease in pigmentation is likely because the antioxidant whitening factor in the ASC ? CM group which inhibited melanin synthesis and tyrosinase activity in a dose-dependent manner, downregulating the expression of melanogenic proteins (such astyrosinase-related protein-1 and TGF-b1) [38, 39] . Scar formation results from fibroblast proliferation, release of cytokines which promote fibrosis, and increased matrix synthesis. Subsequent collagen cross-linking leads to the formation of a mature and stable scar. This process is essential for normal healing [40] . And fibroblasts promote re-epithelialization by the production of ECM proteins such as collagen [41, 42] . In our study we found that fibroblast accumulation at the wound site was increased in acne scar after treatment with ASCs, enhancing COL1A1 and COL3A1 expression, as observed by immunohistochemical staining. However, the higher expression of COL3A1 were observed in ASC ? CM compared with ASC ? PBS in 2 weeks group. It is indicated that ASC with CM could promote fibroblast migration at the wound site by up-regulation of COL1A1 and COL3A1 genes in the beginning of the wound healing process, compared with normal wound healing and scar treatment by only ASCs [40] . And the staining of COL1A1 was barely detected in ASC ? CM of 2 weeks group. This result also suggest that the expression of COL1A1 gene is earlier than COL3A1 in the beginning of the wound healing process. A previous study showed elevated TNF-a levels in chronic lesions [43] . In addition, IL-1 participates in various physiological and pathological reactions. When the skin is damaged, the epidermal barrier is destroyed and keratinocytes release pre-stored IL-1. Therefore, IL-1 triggers the surrounding keratinocytes to resist damage [44] [45] [46] . Many study have shown that Propionibacterium acne can stimulate keratinocytes to produce large amounts of IL-1a and TNF-a [47] [48] [49] . In our study, we found that the TNF-a and IL-1a levels in the 4 weeks ASC ? CM group had decreased by the real-time PCR compared with 2 weeks ASC ? CM group. MMPs are a group of zinc-containing proteolytic enzymes, mainly derived from macrophages that play decisive roles in regulating extracellular matrix synthesis and inprocesses associated with tissue degradation and remodeling [50, 51] . The levels of TNF-a and other cytokines can be induced with the expression of MMP-2 through the NF-jB signaling pathway in early stage of acne formation [52, 53] . This affects the production of normal collagen fibers and tissue healing process to promote scar production. In our study, we found that the expression of MMP-2 was increased with the expression of TNF-a. These observations confirmed that MMP-2 expression was related to TNF-a expression in the process of acne inflammation.
Studies have shown that keratin 16 is very active in the process of the epithelial regeneration [54] . In addition, studies have shown that keratin 16 plays a major role in reepithelialization, which is the first step in repair of skin lesions by mediating accumulation of recombinant keratin filaments in wound edge [55] . The results of western blotting show that the expression of keratin 16 in the 4 weeks group was significantly higher than in the 2 weeks group. This result suggests that the release of keratin 16 was increased during wound healing. And, it is involved that keratin filament recombination in wound edge. The expression level of keratin 16 in the 4 weeks ASC ? CM group is the lowest compared with other groups. It is indicated that ASCs with CM accelerate the reepithelialization.
In summary, this study provides insight into a more direct and effective way by cell therapy to treat acne-like chronic lesions, especially by the adipose stem cell therapy. The cell therapy that is now being used for treatment of major diseases. However, our study is just a small sample pre-clinical study. Further research, a larger sample randomized controlled clinical trial is warranted to verify the results of this study.
